4
bitter receptor genes (TAS2R38). Gram-negative bacteria secrete a quorum-sensing molecule that Fig.) . These five samples were eliminated from the study. To investigate whether bitter taste receptor mRNA is expressed in human skin, PCR 1 0 0 experiments were performed with two technical replicates for each of the 25 TAS2R genes (S2-1 0 1 S26 Figs), which were compared against two positive controls: (a) genomic DNA from skin and 1 0 2 (b) fungiform papillae cDNA. Of the 25 TAS2R genes, only three showed no expression 1 0 3 (TAS2R1, 7, and 8), 19 showed variable expression (TAS2R3, 4, 5, 9, 13, 14, 16, 20, 31, (38) (39) (40) (41) (42) (43) 1 0 4 45, 46, 50, and 60) , and three showed universal expression (TAS2R10, 19, and 30) (Fig 3) . The 1 0 5 genomic DNA positive controls were amplified in every case; however there was variability in 1 0 6
TAS2R expression in the FP, suggesting that TAS2Rs are expressed at low levels even in taste experiments were also performed for GNAT3, a gene encoding for the α -subunit of the taste-1 1 0 associated G protein gustducin, and keratin 10 (KRT10), a positive epithelial marker (Fig 3 and 1 1 1 S27-S28 Figs). GNAT3 was detected in taste tissue, as expected, and in four skin samples (002, 1 1 2 003, 008, and 015), suggesting some similarity between the pathway elicited in skin and the 1 1 3 initial steps of the gustatory pathway. As anticipated, KRT10 was detected in FP and all skin 1 1 4
samples. All primers are listed in Table 2 . The oligonucleotide sequences and the corresponding amplicon sizes are given for genomic To quantify mRNA abundance, qPCR was performed on each of the 25 TAS2R genes 1 2 6
standardized to the housekeeping gene GAPDH (Fig 4) . The results show variable expression of 1 2 7
the TAS2R genes across samples, which was expected based on the results of the PCR type. We also confirmed some expression of GNAT3 in samples using qPCR standardized to the 1 3 0
housekeeping gene GAPDH (Fig 4) . across all subjects in red (n = 9). Data points for the FP sample are in blue. Taste-related genes are minimally expressed even in taste tissue, and the results here were 1 3 7 variable, as is the case with expression of mRNA near the level of detection [16] . Despite these 1 3 8
limitations, these results suggested that a study of TAS2R mRNA expression in skin with a larger 1 3 9
sample size was warranted. To do so, we turned to a large and publicly available RNA-seq data After appropriate approvals, we obtained RNA-seq expression data from the Genotype- (sun-exposed from lower leg or not-sun-exposed from suprapubic region), sex, and age ( Table   1 4 8 1). This data set was used because RNA-seq provides more accurate detection of low-abundance 1 4 9 transcripts and because it provided a large sample size. There was heterogeneity of variance 1 5 0 between the TAS2R genes, but the most highly expressed bitter receptor genes were TAS2R5, 14, 1 5 1 20, and 4 ( Fig 5) . For statistical analysis of sun-exposure, we considered only subjects who had 1 5 2 donated both sun-exposed and not sun-exposed tissue (n=299) and performed Kruskal-Wallis 1 5 3 tests to detect differences in the distribution of gene expression levels based on sun-exposure. Results based on tissue type indicated significantly lower expression levels in sun-exposed skin TAS2R42 (Median diff=0, p < 0.05), but significantly higher expression levels in sun-exposed 1 5 7 skin for TAS2R60 (Median diff=0.046, p<0.0001) (Fig 6 and S1 Table) . We also observed a 1 5 8 small sex difference in mRNA expression. In skin from the suprapubic area, females' expression Table) . In skin from the Table) . Finally, there was a positive correlation between increasing age and expression of 1 6 4
TAS2R5 gene but only in not-sun-exposed skin (p = 0.001) (Fig 8) . Individual RPKM data are plotted separated by sun exposure and in order of increasing age of related to skin location (presumed-sun-exposed vs. non-exposed), sex, and age. Expression of 1 8 9
taste-related gene GNAT3 suggests that these receptors are functional in the skin and that the 1 9 0 pathway may be G protein-dependent. The role of bitter receptors in the skin may become apparent after exploring the most 1 9 2
highly expressed receptors and their known agonists. Some T2R proteins are promiscuous and 1 9 3
bind to a wide variety of substances, whereas others have more specificity and bind to one or a 1 9 4 few known substances. The protein products of TAS2R5 and TAS2R20, two of the most highly 1 9 5
expressed genes in the GTEx data set, are narrowly tuned and recognize one to three of 104 experiments should investigate the cellular response in skin when exposed to compounds similar 2 0 4
to known agonists of these bitter receptors to learn more about their potential functions. Determining the cellular expression of T2R proteins in skin is an important next step. Bitter receptors are typically expressed in cells known to have chemosensory functions and these 2 0 7
cell types are typically sparsely distributed (nose, gut, and tongue). Although we do not know 2 0 8 which cell type in human skin expresses TAS2R mRNA, previous studies suggest that they may 2 0 9 be in the epidermis, and potentially expressed by keratinocytes [10, 11] . There may also be 2 1 0
previously uncharacterized cell types in human skin similar to solitary chemosensory cells that skin on the day of its removal. The information obtained about each subject was provided by the 2 2 2 department and is summarized in Table 1 . Removal location was provided and based on that information as well as the proximity to cancerous skin we presumed that all samples should be 2 2 4 considered sun-exposed. We also obtained one FP biopsy from the tongue of a separate donor as Pennsylvania approved the collection of skin biopsies for this use. Primer sets for KRT10 and GNAT3 were designed using the NCBI Primer-BLAST tool. The ABL1 primers are designed to span introns, leading to expected bands at 793 base pairs for regulation and putative nutrient-sensing function of taste GPCRs in the heart. PloS One. PubMed Central PMCID: PMCPMC3484455. with proliferation, migration, and re-epithelialization of keratinocytes. J Invest Dermatol. used as a no-template control. The expected band size is 841 bp. The experiment was replicated, 4 2 7
but results were omitted because of non-specific binding. 
